Efficient, inexpensive, and safe methods of oxygen delivery are needed for children with severe pneumonia in developing countries. The objective of this study was to estimate the frequency of complications when nasal catheters or nasal prongs are used to delivery oxygen. Ninety-nine children between 2 weeks and 5 years of age with hypoxia were randomized to receive oxygen via nasal catheter (49 children) or nasal prongs (50 children). There was no difference in the incidence of hypoxaemic episodes or in the oxygen flow rates between the two groups. Mucus production was more of a problem in the catheter group. Nasal blockage, intolerance to the method of administration, and nursing effort were generally higher amongst the catheter group, but these differences were not significant, except for nursing effort, when all age groups were analysed together.
Introduction
Oxygen administration is an important therapeutic intervention to prevent death from hypoxia due to pneumonia.' Administration of oxygen via nasopharyngeal catheter, nasal catheter, and nasal prongs has been advocated by the World Health Organization. 2 While nasal prongs are claimed to be safer, 3 catheters are said to be more effective in oxygenation 4 or just equally efficacious. 5 In a similar study comparing nasopharyngeal catheters with prongs it was found that nasopharyngeal catheters are associated with more complications, such as nasal ulceration, nasal bleeding, and increased mucus production. 6 Because of concerns about the safety of the nasopharyngeal catheter, which is inserted deep into the nasopharynx to the level of the uvula, some centres have modified the procedure by only inserting the catheter to half the distance. This is referred to as a nasal catheter. The present study was conducted to evaluate the nasal catheter in comparison with nasal prongs, from the viewpoint of safety and efficiency.
Materials and Methods
The study was performed in the Ethio-Swedish Children's Hospital in Addis Ababa from November 1994 to September 1995. Children were eligible for the study if they were between 2 weeks and 5 years of age and if they had acute lower respiratory disease associated with hypoxia. Eligible patients were randomized at the time of admission to receive oxygen via one of the two delivery systems.
An 8 FG catheter was passed for a distance equal to the distance from the side of the nostril to the inner margin of the eyebrow. This left its tip positioned within the nasal cavity, well short of the uvula and about half the distance of the nasopharyngeal catheter.
was graded as none (score 0), mild (1), moderate (2), or severe (3) .
At admission, patients were stabilized on one method and then shifted to the other method to compare the oxygen required and the amount of time required to bring the oxygen saturation of the same child to above 89 per cent using a cross-over design. Episodes of hypoxaemia and the interventions required were recorded. Children were kept on oxygen until they were able to maintain and 5aO 2 of 90 per cent or more for 8 h. Nurses used timers to measure the amount of time involved in caring for the patients and the apparatus. Complications were documented when the research physician recorded either catheter blockage, nasal ulceration, nasal bleeding, or nasal blockage.
Each complication was analysed by age group using Fisher's exact test x 2 test, or Students' /-test as appropriate.
Results
During the study period there were 533 children who were eligible for the study. Determined by availability of study beds, 99 children were enrolled in the study; 49 to receive oxygen via nasal catheter and 50 via nasal prongs. Forty-eight children (95 per cent) in the catheter group and 47 children (98 per cent) in the prongs group had pneumonia as their final diagnosis. The range of 5aO 2 values on admission was equally distributed between the two groups ( Table 1) . Two-thirds of children in the study had severe hypoxaemia at admission (5aC>2 < 80 per cent). There were six deaths in the catheter group and four deaths in the prongs group.
The mean oxygen flow rate was 0.86 litres/child/ minute for the catheter group and 0.90 litres/child/ minute when both initial and subsequent methods are included in the cross-over study. There was no significant differences in the mean flow rate and mean episodes of hypoxaemia (5aO2 < 90 per cent) between the two arms of the study for each age group (Table 2 ). There were two children who developed ulceration or bleeding from the nose in the catheter group and one case of nasal ulceration in the prongs group. Only one child from the catheter group developed profuse nasal bleeding on the fifth day of admission and required adrenaline pack to stop it. On all days, mucus production was significantly greater in the catheter group ( Table 2 ). The amount of nursing time required for each child was significantly higher for the catheter group {P < 0.05) (Fig. 1) .
Discussion
Our study showed that the two methods, nasal catheter and nasal prongs, are comparable in terms of tissue oxygenation, oxygen flow rates, and episodes of oxygen desaturation. Our study also showed that very low flow rates of oxygen administered to children with pneumonia can raise the 5aO 2 to normal using both methods. Mucus formation in the nose was observed in both methods. However, catheters seem to promote the production of mucus more quickly and in large amount, similar to findings in other reports. 3 ' 6 A large amount of mucus formation may explain the increased nursing effort shown in the study. Cleaning and suction of mucus from the nose may aggravate mucus formation and ulceration. The study team was impressed by the gross difference between catheter and prongs in the development of mucus even though the grading was not standardized. Other complications due to perforation by the catheter, such as pneumocephalus and exophthalmos 7 did not 1 occur in our study. Ulceration of the nasal mucosa and some bleeding occurred rarely in both groups. All deaths were related to severe hypoxia associated with the underlying disease and not to the methods used. Some of these deaths could have been averted if we had had facilities for mechanical ventilation during the study period.
Our impression from this study, as well as from our earlier study, 6 is that prongs are safer, require minimal expertise, and produce minimal complications compared to either nasopharyngeal or nasal catheters. One disadvantage of the use of nasal prongs is their cost, which is presently higher than that of catheters. On the other hand, one should keep in mind that catheters are more easily available and are used for other purposes in hospitals, such as for feeding and suction.
In conclusion, our study suggests that the nasal catheter is associated with more nursing effort and is prone to increased incidence of mucus production. Prongs appear to be safer, more comfortable, and to require less nursing expertise.
